Abstract − Chronic oxidative stress due to the accumulation of reactive oxygen species (ROS) in neuronal cells ultimately leads to neurodegenerative diseases. The use of natural therapies for the prevention of ROS-induced cell damage and for the treatment of neurodegenerative disorders has shown promising results. In this study, we evaluated the neuroprotective effects of the ethyl acetate (EtOAc) fraction of A. okamotoanum against the hydrogen peroxide (H 2 O 2 )-induced oxidative stress in C6 glial cells. Results show that cell viability was decreased in cells incubated with H 2 O 2 , whereas the addition of EtOAc fraction treatments in such cells significantly increased viability. The EtOAc fraction showed the highest inhibitory activity against ROS production and it also decreased the expressions of inflammatory proteins including cyclooxygenase-2, inducible nitric oxide synthase and interleukin-1β. Furthermore, the EtOAc fraction inhibited apoptosis by regulating the protein expressions cleaved caspase -9, -3, poly ADP ribose polymerase, Bax and Bcl-2. Therefore, these results show that the EtOAc fraction of A. Okamotoanum exhibits neuroprotective effects against H 2 O 2 induced oxidative damage by regulating the inflammatory reaction and apoptotic pathway.
Introduction
Reactive oxygen species (ROS) and free radicals such as hydroxyl radical (·OH), nitric oxide radical (NO·), superoxide radical (O 2 − ), and hydrogen peroxide (H 2 O 2 ), are highly reactive byproducts of oxygen metabolism in cells. 1 In the normal conditions, ROS are removed by antioxidant defense systems. 2 However, during pathological conditions, there is an imbalance between the generation of free radical and antioxidant systems in cells resulting to oxidative stress. Ultimately, prolonged oxidative stress leads to many diseases including cancer, arthritis, autoimmune, and neurodegenerative disorders. 3 In addition, the excessive accumulation of ROS in glial cells results to cell injury through the transcription of pro-inflammatory gene transcription and release of cytokines-interleukin (IL)-1β, and IL-6, thereby causing neuro-inflammation. Moreover, the released inflammatory cytokines leads to oxidative stress and mitochondrial dysfunction, which is main cause of neuronal cell death. 4 Particularly the accumulation of H 2 O 2 in neuronal cells results to the pathological process of acute and chronic neurotoxicity and neuronal apoptosis as it directly oxidizes lipids, proteins, and deoxyribonucleic acid. 4 Acer okamotoanum (A. okamotoanum) is a perennial plant indigenous to Korea and is widely distributed in the mountains of Ulleung Island. Traditionally, its branches, leaves, and roots have been used as treatment for arthralgia and fractures. Phytochemical analysis of A. okamotoanum revealed that it contains many bioactive compounds such as quercetin, kaempferol, tannin, gallic acid, cleomiscin A and C. 5, 6 Recent studies have shown that A. okamotoanum exhibited numerous biological activities which include immunomodulatory effects, skin whitening, anti-HIV-1 integrase, anti-cancer, antioxidant, and anti-atherosclerosis activity.
6-10 Moreover, we previously reported that A. okamotoanum exhibited neuroprotective effects against amyloid beta (Aβ)-induced neurotoxicity. Particularly, we discovered that the ethyl acetate (EtOAc) (La Jolla, CA, USA). As shown in Table 1 Cell culture − A C6 glial cell line was obtained from the Korean Cell Line Bank (Seoul, Korea). Cells were retained in a culture flask (T75) supplemented with DMEM containing 10% FBS and were incubated in a humidified atmosphere (5% CO 2 , 95% air) at 37 o C. Cells were sub-cultured with 0.05% trypsin-EDTA in calcium and magnesium-free phosphate buffer upon reaching confluence. Each experiment was repeated three times (n = 3).
Measurement of cell viability − C6 glial cells were seeded in a 96-well microtiter plate at a cell density of 5 × 10 4 cells/mL. The cells were treated with different concentrations of the test extracts and incubated for 2 h (5% CO 2 , 37 o C). After 2 h, 300 μM H 2 O 2 was added to the test wells and the cells were incubated for another 24 h. Cell viability was then assessed using the MTT colorimetric assay.
12 In detail, each test well was added with 200 μL of MTT solution (5 mg/mL) and the cells were incubated 24 h. After which, the intracellular production of ROS in C6 glial cells was determined by measuring the oxidation of DCF-DA to DCF. 13 In detail, 20 μM DCF-DA was added to each test well and the cells were incubated again for 30 min. Fluorescence was then measured using a fluorescence spectrophotometer at excitation and emission wavelengths of 400 nm and 505 nm, respectively.
Western blotting − C6 glial cells were seeded at a density of 1 × 10 5 cells/mL in 100 mm 2 cell culture dishes. The cells were treated with different concentrations of the test extracts and incubated for 2 h (5% CO 2 , 37 o C). After 2 h, 300 μM H 2 O 2 was added to the test wells and the cells were incubated for another 24 h. After which, the cells were harvested by adding phosphate buffered saline (PBS) and scraping the cells from the culture dish. The cells suspended in PBS were centrifuged at 2,000 rpm for 5 min at 4 o C. The cell pellet was then resuspended in 50 μL ice-cold lysis buffer including protease and phosphatase inhibitor cocktails and was incubated on ice for 1 h. Centrifugation of the cell solution at 12,000 rpm for 30 min followed, and the supernatant was then collected and stored at −80 o C. The protein concentration was measured using a protein assay. Proteins were separated on a 10 or 13% sodium dodecyl sulfate-polyacrylamide gel, and then transferred to PVDF membrane that was blocked with 5% skim milk in PBS-T for 1 h at 25 o C. The membrane was exposed to primary antibodies (Table  1 ) overnight at 4 o C. Subsequently, the membrane was washed with PBS-T and incubated with appropriate secondary antibodies (Table 1) in PBS-T for 1 h at 25 o C. Bands were developed using the ECL detection method according to the manufacturer's specification and were visualized on a photographic film for several minutes. Bands were scanned using Davinch-Chemi TM (Davinch-K, Seoul, Korea). Beta-actin was used as a loading control.
Statistical analysis − SAS software (version 6.0, SAS Institute, Cary, NC, USA) was used to perform statistical analyses. The data are represented as the mean ± standard deviation (SD). ANOVA and Duncan's multiple range test were performed to determine significant differences among test groups. P values <0.05 were considered as significantly different.
Result
Protective effects of the EtOAc fraction on H 2 O 2 -induced oxidative stress − Fig. 1 , shows the effects of the EtOAc fraction treatments on the viability of C6 glial cells incubated with H 2 O 2 . Cell viability in the normal group was 100%, whereas a significant decline to 49.1% cell viability was observed in cells incubated with H 2 O 2 alone. On the other hand, the addition of the EtOAc fraction in C6 glial cells incubated with H 2 O 2 improved cell viability at all treatment concentrations. The EtOAc fraction treatments at low doses (5 and 25 μg/mL) showed similar values with the normal group.
Inhibition of the EtOAc fraction on intracellular ROS production − The inhibitory effects of the EtOAc fraction of A. okamotoanum on ROS production in C6 glial cells incubated with H 2 O 2 was determined using the DCF-DA assay. The results of the experiment are shown in Fig. 2 . An increase in ROS production was observed in the control group compared to the normal group. This indicates that oxidative stress is generated in cells incubated with H 2 O 2 as seen from the increased production of ROS. When the cells were treated with 5, 25, 50 and 100 μg/ mL of EtOAc fraction, the ROS production declined to 84.01%, 81.89%, 80.47% and 77.28%, respectively. a~e Means; different letters are significantly different (P < 0.05) using the Duncan's multiple range test.
Effects of the EtOAc fraction on protein expression related to inflammation − The effects of the EtOAc fraction treatments on the expression of inflammationrelated proteins in C6 glial cells incubated with H 2 O 2 was examined (Fig. 3) . The cells were treated with 2.5, 5 and 25 μg/mL of EtOAc fraction and 300 μM of H 2 O 2. Hydrogen peroxide-treated control group decreased the expression of IκB-α protein, whereas cells treated with EtOAc fraction exhibited an up-regulatory effect against the down-expression of IκB-α protein. In addition, the control group showed higher protein expressions of inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (Cox-2) and IL-1β than the normal group, whereas the EtOAc fraction-treated groups (2.5, 5 and 25 μg/mL) showed a dose-dependent decline in iNOS, Cox-2 and IL-1β expression.
Effects of the EtOAc fraction on protein expression of Bax and Bcl-2 − We examined whether EtOAc fraction affects the protein expressions of pro-apoptotic and anti-apoptotic proteins in H 2 O 2 -treated C6 glial cells.
The protein expression levels of Bax protein (pro-apoptotic) and Bcl-2 protein (anti-apoptotic) was determined using western blot assay (Fig. 4.A) . The Bax/Bcl-2 ratio was approximately up-regulated by 2-folds in H 2 O 2 -treated control group, compared with the H 2 O 2 -nontreated normal group, whereas the EtOAc fraction-treated groups exhibited a significantly lower Bax/Bcl-2 ratio. These results indicated that the EtOAc fraction from A. okamotoanum has the potential to inhibit H 2 O 2 -induced cell death in C6 glial cells.
Effects of the EtOAc fraction on protein expression of cleaved caspase 9, cleaved caspase 3, and cleaved PARP − To investigate the further protective mechanism of of A. okamotoanum against apoptosis, we examined the effects of the different treatments of the EtOAc fraction on the protein expression levels of cleaved caspase 9, cleaved caspase 3 and cleaved poly ADP ribose polymerase (PARP) in H 2 O 2 treated C6 glial cells (Fig. 5) . The H 2 O 2 -treated control group significantly upregulated the expression of cleaved caspase 9, cleaved caspase 3, and cleaved PARP compared with H 2 O 2 - a~c Means; different letters are significantly different (P < 0.05) using the Duncan's multiple range test. nontreated normal group. However, the increased expressions of cleaved caspase 9, cleaved caspase 3, and cleaved PARP were significantly and dose-dependently inhibited by the treatments of EtOAc fraction from A. okamatoanum. Particularly, cleaved caspase 9 and cleaved PARP expression were down regulated almost to the normal levels at the concentration of 25 μg/mL. These results suggest that A. okamotoanum was associated with the inactivation of the apoptosis pathways in H 2 O 2 -induced oxidative stress in C6 glial cell by inhibiting the expression of apoptotic proteins including cleaved caspase 9, cleaved caspase 3, and cleaved PARP.
Discussion
Neurons are sensitive to urgent oxidative stress.
14 ROS are related to apoptotic cell death caused by intracellular micro-environmental changes, which is one of the critical causes of degenerative diseases, including dementia. 15 In particular, H 2 O 2 has been widely used to induce oxidative stress in vitro. 16 The accumulation of H 2 O 2 causes apoptosis in neurons by damaging proteins and lipids, and causing mitochondrial membrane dysfunction and DNA damage.
14,16
Therefore, inhibiting ROS formation can be an effective method to protect neuronal cell damage that leads to degenerative diseases and aging-related cognitive impairment. 15, 17 In addition, glial cells supply structural support to promote the metabolisms and protect neuronal cells by generating neurotrophic factors that are potentially helpful to the survival of immature neurons. 18 Thus, glial cell activation may play critical functions in the commen- a~e Means; different letters are significantly different (P < 0.05) using the Duncan's multiple range test. A. okamotoanum has long been used in traditional medicine to treat various diseases and recent studies have also shown that it exhibits several biological activities. These include its use an anti-cancer, anti-HIV-1 integrase, antioxidant, anti-herpetic activities and in skin whitening.
7-10
However there are no existing literature concerning the protective effects of A. okamotoanum against oxidative stress in C6 glial cells. In this study, we examined the molecular mechanisms underlying the neuroprotective effects of A. okamotoanum against H 2 O 2 -induced oxidative stress in C6 glial cells by determining its effects on the inflammatory and apoptotic pathways.
We examined the protective effects of the EtOAc fraction of A. okamotoanumon H 2 O 2 -induced oxidative stress and neuronal cell damage using C6 glial cells as in vitro model systems. From our previous study, the EtOAc fraction was confirmed as the active fraction of A. okamotoanum which have also shown strong antioxidative effects.
11 Prior to performing the MTT cell viability assay, a cytotoxicity test on the EtOAc fraction of A. okamotoanumon C6 glial cells was carried out. EtOAc treatments at a dosage range of 5 -100 μg/mL and a 24-hr incubation period showed no significant cytotoxicity in C6 glial cells (data not shown). In this study, we have shown that all the groups treated with the EtOAc fraction significantly increased cell viability compared to H 2 O 2 -treated control group. However, the protective effects of the EtOAc fraction did not increase proportionally to treatment concentrations.
To determine whether EtOAc fraction of A. okamotoanum inhibited neuronal apoptosis by scavenging ROS, the DCF-DA assay was used to measure changes in ROS production. An increased ROS fluorescence in H 2 O 2 -treated C6 glial cells was observed indicating an increase of intracellular ROS, whereas cells treated with EtOAc inhibited ROS production. Mahesh and Kim suggested that H 2 O 2 produced in the pathological process of acute and chronic neurotoxicity and increased the levels of ROS in C6 glial cells. 4 Our results revealed that the EtOAc fraction of A. okamotoanum significantly inhibited ROS formation and prevented H 2 O 2 -induced cell damage in neuronal cells due to its antioxidant activity. This shows that the neuroprotective role of the EtOAc fraction can be attributed to its antioxidant activity.
Nuclear factor-κB (NF-κB) is responsible for the regulation of several target genes related to the inflammatory response, immune reactions, and apoptosis. NF-κB binds with dimers of p50 and p65 subunits that exist as inactive types in most cells.
19 Different dimeric structures are bound to a protein inhibitory subunit of IκB that keeps them inactive in the cytoplasm. The translocation to the nucleus is feasible only when IκB dissociates from the dimer. In addition, IκB probably blocks not only this translocation but also NF-κB DNA-binding activity.
19,20
Upon the exposure of cultured cells to oxidative stress, phosphorylated IκB-α is degraded through selective ubiquitination, and NF-κB is released and translocated to the nucleus.
16
Other transcription factors bind to specific DNA fragments and then activates the up-regulation of their target molecules such as cytokines and apoptosisrelated proteins. Protein expressions of iNOS and Cox-2 have significant roles in the process of tissues damage or inflammation. 21, 22 Although activation of iNOS and Cox-2 may donate a precise profit to the organism, overexpression of either iNOS or Cox-2 has been involved in the outbreak of various disorders, such as diverse as septic shock, acute and chronic neurodegenerative disease and rheumatoid arthritis. 22, 23 The treatment of H 2 O 2 showed higher levels of crucial inflammatory indicator such as NO, through up-regulation of Cox-2 and iNOS in C6 cells. 24, 25 Therefore, the demolition of normal mechanisms of NF-κB action may result in numerous abnormalities and pathologies in the organism, including inflammatory diseases, atherosclerosis, toxic/septic shock, cancers, and neurodegenerative diseases.
26, 27 In this study, we investigated whether EtOAc fraction from A. okamotoanum protects against inflammatory target proteins of IκB-α, Cox-2, iNOS and IL-1β induced by H 2 O 2. The results demonstrated that EtOAc fraction from A. okamotoanum regulated the expressions of IκB-α, Cox-2, iNOS and IL-1β caused by H 2 O 2 treatment in C6 glial cells. In addition, previous researches reported anti-inflammatory effects of A. okamotoanum by down-regulations of prostaglandin (PG) E2 and NO concentration in the cellular and in vivo mice model. 8, 28 Therefore, we demonstrated protective effects of EtOAc fraction from A. okamotoanum on H 2 O 2 -induced neuronal cell damage by regulation of inflammatory genes.
H 2 O 2 -induced apoptosis is linked to the activation of Bcl-2 and inactivation of Bax which are anti-apoptotic and pro-apoptotic proteins, respectively. Cytochrome c initiates a cascade of caspase activation that leads to apoptotic cell death. 29 The up-regulation of intracellular Bax/Bcl-2 ratio occurs during apoptotic cell death. The ratio of pro-apoptotic proteins/anti-apoptotic proteins decides the sensitivity or resistance of cells to the process of apoptosis. 30 In the present study, H 2 O 2 -treated control group significantly up-regulated the Bax/Bcl-2 ratio. On the other hand, the EtOAc fraction decreased the Bax/Bcl-2 ratio in a dose-dependent manner, indicating that it exhibited neuroprotective effects against H 2 O 2 -induced cell damage in glial cells by inhibiting apoptotic cell death.
Crucial target in ROS-induced cytotoxicity leads to changes in mitochondrial membrane permeability.
31 It leads to mitochondrial dysfunctions and efflux of cytochrome c may lead to process of apoptotic cell death by reduction of mitochondria membrane potential in cells. Previous researches demonstrated a critical factor for the activation of caspase 3 by the activation of caspase 9, leading to cleavage of PARP from its full-length phase.
32
Furthermore, cleaved PARP occurs in systems where ROS-induced DNA damage is so extensive that energy required for renovation is diverted elsewhere through apoptosis.
26, 32 In this study, we measured cleaved caspase-9, cleaved caspase-3 and cleaved PARP levels in C6 glial cells to examine the protective effects of the EtOAc fraction on mitochondrial function in H 2 O 2 -induced apoptosis. We confirmed that the EtOAc fraction of A. okamotoanum down-regulated the expression of cleaved caspase-9, cleaved caspase-3 and cleaved PARP. These results indicate that the EtOAc fraction of A. okamotoanum inhibited H 2 O 2 -induced apoptosis.
In conclusion, the EtOAc fraction A. okamotoanum protected C6 glial cells from H 2 O 2 -induced oxidative stress by inhibiting apoptosis and decreasing ROS production. In addition, the protective effects of the EtOAc fraction against oxidative stress relates to the regulation of the expression of proteins associated with inflammation and apoptosis. The present research suggests that the EtOAc fraction of A. okamotoanum may be used as a potential neuroprotective agent for the treatment of neurodegenerative diseases.
